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FE6027 

TITLE: 

Liquid phase process for the polymeilzatioii of filpha-oleOns 

The present invention relies to a Hquid-phase pscooess for Ihe polymerization of a- 
olefins* Tn particular, it relates to a process for the polymerization of a-olefins^ especially 
of buten&-l, in liquid pliase fbllo^ved by a post-polymeiization step where the catalyst 
residues eire deactivated with a high efiBciency. 

Butene-l (co)polymers aie well known in the art and ate mainly used in the manufacture of 
molded products such as pipes^ packaging films, adhesives. 

Hitherto, butene-l (co)polymers have been mainly produced by solution polymerisation 
and slurry polymerisation in the presence of coordination catalysts which are generally 
refeired to as Ziegler-Natta catalysts. When a solution process is adopted, the 
polymerisation is generally carried out in liquid butene-l at conditions under which a 
solution of polybutene in butene-X is discharged ftom the polymerisation reactor. When a 
slurry polymerisation is adopted, the polymerisation is carried out in liquid butene^-l at 
conditions under which the polymer is produced as a solid, thus obtaining a sliury of 
solid polymer in butene-l. In both cases, an additional step is required wherein the 
obtained polymer is separated from the monomer, which is recovered and re-circulated to 
the reactor. 

Several generations of Ziegler-Natta catalysts have been used in the production of 
isotactic polyolefins, such as polypropylene or polybutene. A former generation of 
Ziegler-Natta catalysts employed in the polymerisation of butene-l is based on TiCb as 
the catalyst component. Butene~l (co)polymers have been prepared by polymerising 
butene-l in the presence of TiCls based catalyst and of a dialkyl aluminum halide as the 
cocataiyst In view of the relatively low activity of said catalyst systems, the obtained 
polymer has a high oonlBnt of catalyst residues (generally more lhan 300 ppm of Ti). Such a 
high content of catalyst residues is defanmental to the final properties of the polymers, so as to 
require a deashing step in oid^ to extract the catalyst residues from the polymer. The 
deashing step is generally carried out in a deashiog chaniber by contacting the solution or 
sluny containing polybutene with caustic water. Afterwards, catalyst salts and water are 
separated fixmi the polymeric phase by gravity in a settier: catalyst salts and water are thai 
discharged from the settier^ so that the content of catalyst residues in the polybutene solution 
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or sluixy is mmimized. This deashing st^ involves the use of a large amoimt of liquids 
and incsreases the oompleodty of fhe teaction plant Fwthennore, a ccmpieto sqpatation of the 
waist Scorn the polymjsric phase is hardly achievable in the settling step and draplets of -water 
remain in the po^ni^ solution. 

The above problons have been overcome by tising stereospecific Ziegler-Natta catalysts 
of a more recent generation which have been developed particularly for tite production of 
isotactic polypropylene. These catalysts typically con«)rise a support of magnesium 
chloride combined with TiCl4 and an electron donor, such as ethyl benzoate. The 
cocatalyst is again an alurainium alkyl, typically an aluminium trialkyl compound. When 
a-olefins of three or more carbon atoms are polymerised in the presence of said catalysts, 
stereoregular polymers are obtained with a high polymerisation yield. In view of the high 
activity, the contfflit of catalyst residues in the polymedsation product is drastically 
reduced. GeneraUy the final polymer contains less than 20 ppm of Ti. As a consequence, 
fhc removal of catalyst residues from the polymer can be omitted^ ttius improving gready 
the simplicity of the process and reducing operative costs in flie plant However, a liquid- 
phase polymerisation of butene-1 necessarily requires the separation of the obtained 
polybutene from the unrcactcd monomer. The monomer recovery is generally carried out 
in a separation step wherein high temperatures, of about 150-250'C, are requested. 
Before such separation step, a deactivation of flie catalyst is tiierefine necessary in order 
to avoid an undesired modification of the properties of flie final polymer due to a flirCber 
uncontrolled polymerisation and/or a tiiermal degradation of the polymer. IMess tiie 
catalyst is deactivated, the final pellets could have a higher melt mdex and a different 
molecular weight distribution with respect to fhe polymer obtained at the outiet of tfie 
polymerisation step. Such a melt index shift should be prevoited in order to obtain a final 
polym^ havmg tiie desirol properties. 

The methods known in flje art generally refer to a deactivation of tiie catalyst earned out 
by introducing a deactivalor c«»npOund during die polymerization step. For instance, in a 
multi-stage polymerization process for producing an impact copolymer composition> flie 
relative proportions of homopolymer phase and copolymer phase can be controlled by 
the addition of suitable catalyst deactivators which kill or reduce catalyst activity. Such 
catalyst deactivators are generally introduced at a point situated between the first and tiie 
second polymerisation reactor or directty to the second reactor. An example of this 
(FE6027_EP) 
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deactivation is given in EP 225,099 where the properties of a polypropyiene itDpact 
copolymer are said to be improved by mtroducixig a polyalkylene glycol ether as a 
catalyst deactivator between the first and second polymerisation step. A$ a consequence 
of this addition, ^e catalyst activity in llie second stage polymerisaticn catalyst is 
reduced fiom 30% to 80%. 

When a liquid-phase polymerisation of an a-olefin has to be followed by the separation 
of the obtained polymer from the unreacted a-olefin, as it is the case fi>r the 
polymerization of butene-l^ the prior art teachings are not satis&ctory in order to solve 
the problems correlated to the deactivation of the catalyst system. 
It is known the use of low molecular weight gases or liquids in order to reduce the 
catalyst activity to a level where the polymerisation stops. The use of water as a Ziegler- 
Natta catalyst killer is disclosed in USP 4,701,489 that refers to a method of deactivating 
catalyst residues in amoiphous polyalphaolefins, such as amorphous propylene homo- 
and copolymers. After a bulk polymerisation process and a separation of the unreacted 
monomers from the molt^ polyalphaolefin, a deactivation of the catalyst residues 
contained in the molten polyalphaolcfin is described. According to the pateat, the 
deactivation is carried out by contacting the molten amorphous polyalphaolefin with at 
least 3 moles of water per mole of aluminium present In the polymer. 
Water and sxtnilar low-boiling compounds, such as CO2 and alcohols, are recognised to 
be high-efficiency deactivatois of Ziegler-Natta catalysts. However, when a liquid-phase 
polymerisation of a-olefin is followed by a step for separating the obtained polymer firom 
the unreacted a-olefin, tiiese low boiling compounds will collect together with the 
unreacted monomer. As a consequence, a fbrther separation between these deactivators 
and the unreacted a-olefin is necessary in order to avoid an entry of the deactivator 
directly in the polymerisation reactor and a consequent tecmination of the polymerisation 
reaction. However, the above-m^oned compounds are genexally not easily separable 
from the unreacted a-olei^n. In fitct, conventional distillation units are not sufScient to 
achieve an acceptable separation and molecular sieves must be provided in order to 
capture these deaodvators and to complete ejEHciently the separation. The use of 
molecular sieves increases the complexity of the process and the operative costs in the 
monomer recovery section. 
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Jn view of the above, an appropriate catalyst deactivatLon in a liquid-phase 
polymerisation process for producing polyolofins should conteD:q)late an ca^ separation 
of the deactivator fiom the unreacted monomer and, at the same time, should cause no 
modification of the desired properties of the obtained polyolefin. 
It would be desirable to provide a liquid-ph£«e process for polymerizing Orolefins 
wherdn the catalyst residues are deactivated without causing any worsening in the final 
properties of the obtained polymer and improving the recovery of the monomer in the 
recovery section. 

The Applicant has surprisingly found a liquid-phase process fbr polymerizing a-olefins, 
which combines the above advantages with a higjh efiicienoy in the deactivation of ihe 
catalyst residues. 

It is an ot)ject of the present invention a liquid-phase process for polymerizing ocpolefins 
of the formula CH2=CHR» where R is H or an alkyl radical C1-C6, to produce a polymer 
that is soluble in the reaction medium, cominising fhe steps of: 

a) continuously polymerising in liquid phase the a-olefin in the presence of a 

catalyst based on a transition metal compound; 
h) continuously withdrawing ftom step a) a solution of the polymer in the liquid 

reaction medium; 

c) mixing in one or more mixing stages said solution of the polymer in the reaction 
medium with an organic compound having: at least a hydroxy group, a boiling 
point higher than ISQ^Q and a ratio between the molecular weight (MW) and the 
number of hydroxy groups (non) comprised between 20 and 100. 
The process of the present mvention will be described in detail with reference to a liquid- 
phase process for homo- or co-polymerizmg butene-1, where in step a) a solution of 
polybutene-l (PB-1) in the reaction medium is obtained* The polymerization step a) takes 
place in liquid phase in the presence or absence of an inert hydrocarbon solvent Suitable 
solvents can be liquid hydrocarbons having 5 to 10 carbon atoms, such as pentane, 
hexane, heptane, octane, etc. Preferably liquid butene-1 is used as the reaction medium in 
the process of the invention: the solution process is feasible since polybutene-1 can 
dissolve in butene-1 at relatively low pressures. Furthermore, the two components of the 
solution perfectly mix together at the optimum working temperatures of Ziegler-Natta 
and metallocene catalysts. In order to obtain the best performance of the catalyst together 
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max a conq[>lete miscibility of monomer and polymer, fhe polymedzation tewp&stxsre 
18 generally kept at a valtie comprised in fhe range of fiom 65 to 8S^C while the pressure 
is generally comprised between 8 and 40 bar. Preferred operating conditions are at 
temperatures of fiom 70 to 80^C and at a pressure con^rised between 12 and 2S bar. 
The presence of a highly active catalyst of the Ziegler-Natta or metallocene type is 
involved in step a). A hi^ polymerization yield is thus achieved^ ranging from 8-200 kg 
of PB-1 for gram of catalyst Accordingly, the amount of catalyst residues in tiie obtained 
polybutene-l is negligible, generally lower than 120 ppm, and do not adversely affect fhe 
quality of the final polymer. A product of hig^ industrial value having an excellent hue 
and strength is obtained without carrying out any removal of the catalyst residues fiom 
the polymer. 

It is preferred to cany out a pre-contact of flie catalyst components in a pre-contacting 
pot, A transition metal compound, an aluminum alkyl compoimd and optionally an 
electron donor compound are brought into contact at a temperature lower than 60^C, 
preferably comprised between 0 and 20^C. The catalyst system formed in the pre- 
contactmg pot is then transferred to the first polymerization reactor. Optionally a pre- 
polymerization step can be interposed between the pie-contact of the catalyst components 
and the polymeri:tation reactor. 

The polymerization step a) can be performed in one or more continuously stirred tank 
reactors, wherein a high-^viscosity polyTneriq solution of polybutene-l in butene-^l is 
formed. It is preferred to carry out the polymerization under such conditions that the 
concentration of the polymer in the solution does not become unduly hi^ as otherwise 
the polymeric solution would become too viscous and difficult to stir and/or process. The 
polymer concentration is suitably kept to a value of less than 35% by weight. In fact, a 
fiurther uicrease of the polymer concentcation would make the viscosity of the polymeric 
solution too high and the stirring device of the reactors could be blocked. Low 
concentrations are quite easy to process but uneconomic due to the low productivity of 
flie plant and the high influence of utilities costs. Therefore^ the polymerization is 
prefembly conducted in such a way that the concentration of polybut^e-l in butane- 1 is 
comprised between 10 and 30% by weight, more preferably between 20 and 30% by 
weight. 

Optionally, butene-1 may be polymerized in the presence of HQ) to 20% by weight, 
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pfeferatoly 0.5-10% by weight, based on biitwe-l, of another owlefin. Suitable 
comottomers ax^ for instancy etiiylene, propylene, peoteae-l and h^ene-1. 
In fte ease of multiple stitred reactors aznmged in series, differratt working conditions can 
be adopted in each reactor, as legaids the concenlralion of molccnlar wei^ regulator, 
monomer, oomonoma:. Acccndingly, polybutene of different average molecular weight can 
be obtained in each stirred reactor, thus leading to a final product having a broad molecular 
weight distribution ^IWD). Hydrogen can be advantageously used to control the polymer 
molecular weight. The use of Hz as a cham transfer agCTit increases the catalytic activity^ 
of tine polymeiizatton process. 

The total residence time in polymerization stqp a) is genially conqjriaed between 1 and 
4 hours, preferably between 2 and 3 hours. 

The above specified values of temperature must be maintained inside each reactor by 
means of a suitable cooling system. In order to balance the heat produced by the 
polymoization reaction, a heat exchange unit is placed along tiie recycle loop to flie 
reactor. According to an embodiment, the solution of polybutene in butene-1 can be 
withdrawn from the bottom of the stiired reactor by means of a suitable pump for high 
viscosity fluids, such as a gear pmtp or a screw pump, and then the mtgor portion thaeof 
is passed through die heat exchanger unit to remove heat of reaction and returned to ttie 
reactor. The remaining portion is dkecfly fed to the successive polymerization reactor. 
At the outlet of the last stirred taiflc reactor, the obtained solution of PB-1 in butene-1 is 
transfenred to the deactivation step c). It is m^ortant to point out that the deactivation 
step cannot be eSiscted by a simple addition of the deactivator to the polymeric solution 
coming fi»m the polymerization. This is a consequence of the remaiicable difference 
existing between the viscosity of the killer compounds and the viscosity of the polymeric 
solution to be deactivated. In feet, Has two streams differ in viscosity by several oidere of 
magnitude: the viscosity of the polym^c soludon is of about 1000-100000 dP, while the 
viscoMty of the killer compounds is of about MOO cP. In view of such difference, the 
killer compounds can reach miifonnly all the catalyst sites and thus deactivate efficiently 
die catalyst only if an intense and effective mfadng of the components is provided- This 
mtnnate mixing can be achieved in one or more mixing tanks placed in series or, 
alternatively, in a single deactivation apparatus equipped with a sequence of more mixing 
stages where a high shear rate i$ established. 

(FB6027_EP) 
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As above indicated, the deactivator compounds of the present invention are 
compomds having a boiling point higher than ISO'^C and at least a hydroxy groi^. Da 
pardcular, they are diaracterized by a suitable ratio between the molecular vrdght (MW) 
and fho number of hydroxy groups (no»). Said ratio MW/(noiO should be con^iised 
betvtreen 20 and 100, preferably betiveen 30 and 70. Preftned deactivator cont^unda 
satisfying the above requirements are, for example, piopylen glycol, dipropylen glycol, 
glycerol, diefhyien glycol and butandioL 

Such compounds show a high efficiency in deactivating the catalyst syston even if a 
small amount thereof is used. For instance, in ord^ to deactivate a Ziegler-Natta catalyst 
comprising a Ti-based solid catalyst component and an Almninimi compound as an 
activator, it is sufficient to u$e the above compounds with a molar ratio 
deactivator/Cri+Al) higher than 2/noH> wherein Hoh is the number of hydroxy groups of 
the deactivator cotK5)ound. For instance, in the case of propylenglycol (noH=2) a molar 
ratio deactivator/(Ti+Al) higher than 1 should be provided. Preferably, the above-defined 
molar ratio is comprised between 3/noH and 6/iioii« The deactivator maybe added as such 
or dispersed in a liquid medium, such as an aliphatic hydrocarbon 
According to a preferred embodiment of the present invention, a specific apparatus has 
been designed in order to ensure an intimate contact between the polymeric solution of 
PB-1 in butene-1 and the stream containing the deactivator compound. This apparatus 
comprises a stirring shaft provided with impellers in a number comprised between 2 and 
20, preferably between 4 and 12: as aiconsequence, more mixing stages are formed along 
the shaft by the rotation of each impeller. The impettm are equipped with radial blades 
fixed at the stirring shaft, said radial blades causing a radial flow inside each mixing 
stage. The polymeric solution and the deactivator are continuously fed at ^e inlet of this 
i^paratus and slowly flow through tiie sequence of mixing stages. The multi-stage 
vigorous agitation forms a high-shear field and ensures an intimate contact and a strong 
mixing of the components: baffles are provided along the vertical wall of the apparatus in 
order to increase the shear rate. Together with the radial flow imposed by the rotation of 
the blades inside each mixing stage, an axial piston-like flow is involved by the sequence 
of mixing stages along the shaft and by the complete filling of the apparatus by the liquid 
conq^onents. 

Besides providing a high efficiency in the deactivation of the catalyst components, tiius 
(PE6027_BP) 
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preventing any further imcontroUed, imd^ired polymerisation or polymer 
degradation downstream tbe polymerization reactor> the use of the deaetivatois 
compomids of the invention ensures other reraaricable advantages which may be 
fimnmarized as fiDllow: 

1) Differently fiom the known low-boilmg deactivators^ such as water, mettianol, 
etc. tibiese compounds ate more easily separable &om the unreacted butrae-1 in the 
successive step wherein the unreacted monomer is separated fiom the polymer. 

2) Another remarkable property of these compounds reveals particularly suitable 
when the polymer is aimed to bo used in medical applications or in food packaging 
applications: tiiese compounds comply with the provisions of the European Directive 
90/128 and following amendments. As a consequence, the presence of than inside the 
final polymer after the pelletization is not detrimental for the use of the obtained 
polyolefin in llie above-cited applications. 

After the deactivation of the catalyst residues, the solution of pojybutene in butene-1 is 
passed to a separation step, wherem the polybutene-1 is separated from the unreacted 
monomer, which is recovered and re-oirculated to the polymerization step a). The 
removal of the unreacted monomer fix>m the polymer can be carried out according to 
methods known in the art. Preferably it is adopted a melt devolatilization technique using 
one or more volatilization chambers operating at a decreasing pressure, For instancy two 
voIatiHzers placed in series can be used, tiie first one operating under pressure and the 
second one operating under vacuum- By this technique a polybutene melt substantially 
free of monomer is obtained. Afterwards, the polymer melt is compounded forcing it to 
flow inside a static mixer to which tiie master bateh is added. 

As regards the monomer recovery section, the gaseous phase sqiarated from the polymer 
can contain, besides butene-1, also a little amount of the catalyst deactivators^ so fliat the 
monomer recovery requires the separation of said compounds &om butene-l. Generally, 
the above separation can be efiBcientty carried out by the use of two distillation unite, 
thus preventing the introduction of the deactivators inside the polymerization reactors. 
As regards the catalyst used in polymerization step a), Ziegler-Natta catalysts are the 
preferred one. They comprise a titanium compound supported on magnesium chloride in 
active form and an alkylaluminum compound as the cocatalyst. When an mtemal electron- 
donor compound is used , also a hi£^ stereospecificity is achieved. 
(FE6027^BP) 
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The prefened titamum cQznpoan<te used as a imsitioi metal compoimd are TlCli and 
TiCh. Also Ti-haloalcoholates of fimnula Ti(OR>n.yXy» "tf^ere n is fiie valexice of titamum 
and y is a numb^ betwera 1 and n, can be used. The intCTial electron-donor compound 
may be selected from esters, ethers, amines and ketones. It is pref^bly selected fixmi 
alkyly cycloalkyl or aryl esteis of monocarboxylic adds, for example benzoic acid, or 
polyoatboxyltc acids^ &r example phthalic or malonic acid^, the said alkyl, cycloalkyl or 
aryl groups having from 1 to 18 carbon atoms. Examples of the said electron-donor 
compoimds are methyl brazoate, ethyl benzoate and diisobutyl phthalate. Generally, the 
internal electron donor con^oimd is used in molar ratio wi& respect to the MgCl2 of from 
0.01 to 1 preferably from 0.05 to 0.5. 

The allQ^ dlnminum ccmponnd is preferably chosen among trialkyl almninum compounds, 
such as for example triethyMuminuni, triisobutylahnninum, tri-n-butylaluininuin, tri-n- 
hexylaluminum, td-n-octylaluminum. It is also possible to use txuxtuxes of 
trialkylaluminum's ivith alk/laluminum halides, allQrlaliuninum hydrides or alkylalununum 
sBSquichlotides such as AlEtaCl and Al2Et3Cl3. 

The external donor can be of the same type or it can be different from the intertiaj donor 
described above. Suitable external electron donor compounds include silicon contpounds, 
ethers, esters, amines, heterooyolic compounds and particularly 2,2,6,6-tetramethyl 
piperidine, ketones and the l,3-diether5. Another class of preferred extemal donor 
compounds is that of silicon compounds of formula Ra^Rb^Si(OR')o, where a and b are 
iuteger from 0 to 2y c is an integer froih 1 to 3 and the sum (a+b+c) is 4; and R', are 

sSkylf cycloalkyl or aryl radicals with 1-18 carbon atoms optionally containing heteioatoms. 
Particularly preferred are the silicon conq)ounds in which a is 0, c is 3, R^ is a branched 
alkyl or cycloall^l group, optionally containing heteioatoms, and R^ is melhyL Examples of 
sach preferred silicon coinpounds are cycloh^ltrimeQioxysiiane, t-butyltrimethoxysilane 
and tiniexyltrimellioxysilane. The electron donor ccnnpound is used in such an amount to 
give a molar icatio between the orgaaoalmninum confound and said electron donor 
compound of from 0. 1 to 500, preferably from 1 to 300 and more preferably from 3 to 100. 
The above mentioned objects and advantages of tibe present invention will become 
evident from the following description of the accompanying drawings. It is to be 
understood that the enclosed drawings have only an illustrative purpose, not restrictive of 
the scope of ^e iirvention. 

(FE6027_EP) 
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One preferred embodimeat of the process of the invention is described in detai] witii 
rrference to the accompanj^ng Figure 1 . 

With reference to Fig. 1, a transition metal compotind, an aluminum alkyl compound and 
optionally an electron do:nor coxx^ound are fed via line 11 to a pre-contacting pot 20. The 
catalyst system ibmied in the pre-contactmg pot is then transferred via line 12 to a first 
continuosly stitred tank reactor 30 together with a stream 13 containing buten&-l, 
hydrogen and optionally comonomers. Hydrogen and comonoxners are fed to the reactors 
throng Ime 14 and 17, while liquid butene-1 is mtroduced by means of lines IS and 16. 
hi particular, the monomer coining ftom the xecovwy section is provided by line 16, 
while fieshbntcne-l is fed by line 15. 

The polymerization step a) takes place in two continuously stirred tank reactors indicated 
witibi 30 and 60. The operating conditions in the two reactors are selected as above 
indicated and a high-viscosity solution of polybutene-1 in butene-1 is foraxed in both the 
reactors. 

Lines 14 and 17 can provide a different amount of Hj as well as different types and 
amounts of comonomers, so that but^e-1 (co)polymers with a dijBFerent composition and 
different average molecular wei^t can be produced in the reactors 30 and 60. This 2-stage 
bimodal polymerizadon has the advantage of modulating the polymerization in the two 
reactors so as to ptoduce a jfinal product having the desired breadth of molecular weight 
distribution (MWD), also tailoring the other polym^ properties, such as melting point, 
ftexural modulus, etc. 

The hydrogen concentration in the first reactor 30 is generally kept at a level lower than 
the hydrogen concentration in the second reactor 60. As a consequence^ polybuteoe-1 are 
obtained in the first reactor with a melt flow index genially lower than the polymers 
formed in tiie second reactor. 

The obtdned solution of polybutene in buten&-l is withdrawn firom the bottom of reactor 
30 by means of a gear pump 40, the major portion thereof being fed tiitou^ line 18 to a 
heat exchanger unit 50 and then returned to reactor 30. TIi© rraiaining portion is directly 
fed through line 19 to the second polymerization reactor 60. The solution of polybutene 
in butene-1 is withdrawn fi:om the bottom of reactor 60 by means of another gear pump 
70, flie major portion thereof being fed through line 20 to a second heat exchanger unit 
80 and then returned to reactor 30. The remaining portion of the polymeric solution is 
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directly fed through line 21 to the top of Ihe deactivatioii ^paratus 90 for the IdUing 
of IliG catalyst residues. At the same time, one or more deactivator compounds according 
to the invention are continuously &d through Ixne 22 to the top of a deactivation 
^paratos 90. The polymeric solution, once deactivated, is withdrawn fiom the bottom of 
the deactivatiou apparatus 90 and fed to the separation section via line 23. In the 
separation section a polybut^e melt is separated ftom the unreacted monomer. The 
deactivators compounds of the invration will partially collect in line 24 together with 
unreacted butene-1, the rest will remain entrapped inside the polymer melt The 
unreacted butene-1 is then separated by distillation from the deactivator compounds in 
the recovery section and then recycled to the polymerization step ttnough line 16, The 
obtained polybutene-1 melt is first compounded with suitable additives and the subjected 
to underwater pelletization (not shown in Fig. 1), 

A preferred ^bodiment of the deactivation apparatus used in the process of the 
invention is shown in Figure 2. This apparatus comprises a stirring shaft 1 provided with 
impellers equipped with radial blades 2. Mbdng stages are fonned along the shaft by the 
rotation of each impeller. Baffles 3 are provided along the vertical wall of the apparatus 
in order to increase the shear rate. The polymeric solution 4 and the deactivator 5 are 
continuously introduced at the top of the apparatus and slowly flow through the sequence 
of mixing stages- Together with to the radial flow imposed by tibie rotation of the blades 
inside each mixing stage, also an axial piston-like flow is achieved along the shaft The 
deactivated poller solution 6 is withdrawn from the bottom of the apparatus and passed 
to the separation step. 

The following examples have to be considered representative and non-limiting of the 

scope of the invention. 

EXAMPLES 

The following examples relate to some tests earned out in a pilot plant and aimed at 
evaluating the effectiveness of the deactivators compounds of the invention when used in 
a liquid phase process for polymerizing butene-1. 

The polymerization tests w^ carried out into two continuously stitied taiQc reactors 
having a volume of 0^33 m^ placed in series according to the onbodiment of Fig.l. The 
catalyst residues weire deactivated in a deactivation apparatus according to the 
embodiment of Fig^. 
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The polymraization was ooiiied out is the presence of a cataj^ comprismg: 

- a soM catalyst component based on a Titanium caiiq)oiind; 
• triisobu^lunuxnnn (TIBA) as a catalyst activatoi; 

- thexyltcimethoxysilaae as a donor confound. 

The Melt Flow Index of fiie obtained polybuteoe-l was measuzed by using a weigiht of 
2,16 Kg at 190''C accoiding to ISO 1 133 (AST^f^ 01238 condition E). 
Preparation of the solid catidyst component 

Into a 500 ml four-necked round flask, purged with nitrogen, 225 ml of TiCl, were 
introduced at CC. mUe stitrmg, 6,8 g of microspheroidal Mga2a2,7C2HsOH (prepared as 
described in Ex. 2 of USP 4,399,054 but operating at 3.000 ipm instead of 10,000) were 
added Tbe flask was heated to 40°C and 4.4 mmoles of diisobutylphthalate were thereupon 
added. The tetr^erature was raised to lOCC and maintamed for two honrs, then stiiiing was 
discontinued, the solid product was allowed to setde and the si^ematant liquid was siphoned 
off. 

200 ml of fresh TiCU were added, the mixture was reacted at 120<'C for hour fhen the 
supernatant liquid was siphoned off and die solid obtained was washed six times with 
anhydrous hexane (6 x 100 ml) at 60«C and then dried under vacuum. The catalyst 
c(»]^onent ccoitained 2.8 wt% of Ti and 12.3 wt% of pUhalate. 
Example 1 

- Polymerization - 

0,5 g/h Of the above solid catalyst component (coirespimding to 0,15 10"* mol/h of Ti), 
50 gfh of TIBA (corresponding to 0,25 mol/h of Al) and 0,3 g/h of thexyltrimethoxy- 
silane were pre-contacted in hexane at 15*0 for 10 minutes before the fcedmg to the first 
reactor. liquid butene^l together with H2 as a molecular weight regulator were 
continuously fed to flie polymerization reactors. The polymerization conditions in the 
first and second reactor are reported in Table 1 as well as the feeding ratio H2/G1H8 
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TABLE 1 



Polymerization conditions 


-1" Reactor 


2™ Reactor 


Temperature CQ 


70 


75 


Pressure (bar) 


20 


20 


Residence Time (min) 


160 


80 


Uz/CiiHs (ppm weight) 


2 


80 



A solution of polybutene in butene-1 havimg a polymer concentratiou of 25% by wdght 
was contiuuously withdrawn from the second reactor at a flow rate of 160 fcg/h. This 
means a polymer production of 40 kg/h and a catalyst activity of 130 kg of polymer for 
each gram of solid catalyst component. A sample of polymeric solution was taken at the 
outlet of the second reactor in otder to evaluate the Melt Flow Jbdejc of the obtained 
polybm^e-1 : a value of 0,40 was measured. 
Deactivatiion - 

The solution of PB-1 in butene-1 was passed to fli© deactivation apparatus for the killing 
of the catalyst residues. Propyl^e glycol was used as a deactivator compound. 
Ptopylen glycol CH3CH(OH)CH20H 
Boiling point: 185°C 
Molecular Weight (MW): 76 
MW/non: 38 

50 g^ of caa3CH(OH)CH20H (coiresponding to 0.66 mol/h) wa:e continuously fed to the 
top of the deactivation apparatus togeliier with 160 kg/h of polym^c solution. The molar 
ratio between tibie propylene glycol and the moles of CTi+Al) of the catalyst was equal to 
2,6. 

Separation and monomer recoveiy 

After the deactivation stqp^ the solution of polybutene in btttene-] was heated up to 
ZIO^'C and tiiien transfezred into two devoMHzation chambers placed in series, the first 
one operating at 6 bar, the second one operating at 50 mbar. Polybutene-1 melt with a 
negligible amount of monomer was withdrawn from the bottom of the second volatiH^er, 
while a gaseous mixture containing but^e-1 and propylene glycol was collected at the 
top of the first volatilizer* 

The unreacted monomer was recovered by means of two distiUation columns and then 
(FE6027^EP) 
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rettimed to the polymen^atioix section. No cliange in the polymerization ;yield was 
observed. 

At the oatlat of the second voladlizer, the PB-1 melt was additivated with Irganox 1010 
as an antioxidant compound and thm transferred to an underwater pelletizer. 
The measure of the Melt Flow Index of the obtained pellets was of 0,45, Accordingly, ttte 
process of the invention ensures a limited and negligible Melt Flow Index shift and 
combines a high polymerissation yield with a high efficiency in the deactivation of the 
catalyst residues. 
Example 2 
Polymerization - 

0,18 g/h of the solid catalyst component (corresponding to 0,054 10"^ mol/h of Ti), 46 g/h 
of TIBA (corresponding to 0,23 mol/h of Al) and 0,5 g/h of thexyltrimefhoxy-silane were 
pre-contacted in hexane at 15°C for 10 minutes before the feeding to the reactors. Hi was 
used as a molecular weight regulator. Liquid butene-1 and ethyl^e were continuously 
fed to the polymerization reactors according to the feeding ratios reported in Table 2- The 
polymerization conditions in the first and second reactor are reported in Table 2. 
TABLE 2 



Polymerization conditions 


-1" Reactor 


2^" Reactor 


Tena|>erature(*'C) 


70 


75 


Pressure (bar) 


24 


24 


Residence Time (min) 


135 


80 


C2H4/C4Hs(%Wt) 


0,15 


0,18 


Hz/CoBb ^pm weight) 


11 


200 



A solution of a random copolymer in butene-1 having a polymer concentration of 17% 
by weight was continuously wittidrawn fix>m the second reactor at a flow rate of 1S5 
kg/h. This means a polymer production of 26 kfiOi and a catalyst activity of 140 Kg of 
polymer for each gram of solid catalyst component A sample of polymeric solution was 
taken at the outiet of the second reactor in order to evaluate the Melt Flow Index of the 
obtained polybutene-1; a value of OJS was measured. 
Deactivation ^ 

The solution of modified PB-1 in butene-l was passed to the deactivation apparatus for 
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the killing of the catalyst residues. SO of propylene glycol (corresponding to 0.66 

mol/h) were contmnously fed to the top of Ihe deactivation apparatus together -with 155 

kg/h of polymeiic solution. The molat ratio between the propylene glycol and ttie moles 

of (Ti+Al) of the catalyst was equal to 2,86. 

Separation and monomer recovery - 

The same operative conditions of Example 1 were carried out 

The unreacted butenc-l was recovered by means of two distillation columns and then 
retojned to the polymerization section. No change in the polymeration yield was 
observed. 

At the outlet of the second volatilizer^ PB-^l melt was withdrawn and trax^erred to an 
underwater pelletizer. The measure of the Melt Flow Index of the obtained pellets was of 
0,90 so that a negligible MI shift was observed. 
E!£ample 3 
Polymerization - 

The polymerization was cairied out in a single continuously stirred tank reactor having a 
volume of0>33m^ 

0,25 g/h of the solid catalyst component (corresponding to 0,075 10'^ mol/h of Ti), 3S g/h 
of TIBA (corresponding to 0,19 mol/h of Al) and 0^7 g/h of thexyltrimethoxy-silane were 
pre-contacted in hexane at 15^0 for 10 minutes. Liquid butene-l together with as a 
molecular wei^t regulator were continuously fed to a polymerization reactor. The 
polymerization conditions are reported in Table 3* 



TABLES 



Polymerization conditions 


-1" Reactor 


Temperature CQ 


75«>C 


Pressure (bar) 


22 


Residence Time (min) 


180 


H2/C4H8 (ppm weight) 


20 



A solution of PB-1 in butene-1 with a concentration of 25% by weight was continuously 
withdrawn from ttie second reactor at a flow rate of 60 kg/h. This means a polymer 
production of 15 kg/h and a catalyst activity of 60 kg of polymer for each gram of solid 
catalyst component. A sample of polymeric solution was taken at the outlet of the second 
(FE6027^EP) 
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reactor in order to evaluate the Melt Flow Index of the obtained polybutene-l : a value 
of 0^40 was measured. 
Deactivation •* 

The solution of PB-1 in butene-1 was passed to the deactivation apparatus for the Trilling 
of tfie catalyst residues. Dipropylen gjyool was used as a deactivator compound- 
Dipropylen glycol HOC3H6OC3H6OH 
Boiling point: 230**C 
Molecular Weight (MW): 134 
MW/noH : 67 

88,4 g/h of dipropylen glycol (corresponding to 0,66 mol/h) were continuously fed to the 
top of the deactivation apparatus together with 160 kg/h of polymeric solution. The molar 
ratio between the propylene glycol and the xnoles of (Ti+AI) of the catalyst was equal to 
about 3,5. 

Separation and monomer recovery - 

The same operative conditions of Example 1 were caixied out 

The unreacted monomer was recovered by means of two distillation columns and then 
rehimed to the polymerization section. No change in the polymerization yield was 
observed. 

At the outtet of the second volatilizer, PB-1 melt was withdlrawn and transfenced to an 
underwater pelletizer. The measure of the Melt Flow Index of flie obtained pellets was of 
0,50 so that a negligible MI shift was observed, 
Example 4 (comparative) 
Polymerization - 

The polymerization of butene-l was canried out according to the same conditions of 
exan^le 1. A sample of polymeric solution was taken at the outlet of the second reactor 
and a melt flow index of 0^40 was measured. 
Deactivation - 

The polymeric solution withdrawn from the second reactor was not subjected to any 
deactivation treatment of the catalyst residues. 
Separation and monomer recovery - 

The same operative conditions of Example 1 were canied out At the outlet of the second 

volatilizer polybutene-l melt was transferred to the underwater pelletizer. 
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The melt index of the obtained pellets vfds of 3,0 so that an xmaocq)table shift of the 
melt index was observed. This aKample proves that a liquid-phase pol^imeiisation of 
butene-l must be followed by a deactivation treatment of the catalyst residues to avoid, 
during the sq^arotion step, uncontrolled and undesired side reactions or a polymer 
degradation, which can modify the final structure of the polymer. 
Bxaniple 5 (comparative) 
Polymeriasation - 

The polymerization of but^e^l was cEoxied out according to llie same ccmditions of 
example 1 , so that a value of MI=0,40 "was measured at the outlet of the second reactor, 
Deactlvatiou - 

The solution of PB-1 in but^e-l was passed to the deactivation apparatus fbr the Idlling 
of the catalyst residues* As a deactivator, a mixture of alkyldiethanolamines of formula 
R-N(CH2CHaOH)2 wherein R is an alkyl radical Cu-Cts was used (ATMER 163 traded 
by Atlas Chemical Industries). 

Mixture of alkyldiethanolaniines R.N(CH2CH20H)2 R=Ci2-Ci8 

Molecular Weight (MW): 271-357 
MW/uoh: 135478 

0.66 mol/h of Atmer 163 were continuously fed at the top of the deactivation apparatus 

together with 160 kg/h of polymeric solution. The ratio between the moles of Atmer 163 

and the tnoles of (Ti+Al) was of 2,6. 

Separation and monomer recovery - 

The same operative conditions of Example 1 were carried out 

At the outlet of the second volatilizer polybutene-1 melt was traasferred to the 
underwater pelletizer. The melt index of the obtained pellets was of 1,0 so that a shift of 
the melt index was observed. Moreover, it was detected an amount of about 3.000 ppm 
(weight) of the above deactivator in the PB-1 pellets. Such amoxmt is generally not 
acceptable in all the applications where a polymer with a hi^ degree of purity is 
requested. This examples proves that a compound having a ratio MW/noH high» tiian 
100 is not suitable to Mil the catalyst residues contained in a polymeric solution obtained 
from a liquid-phase polymerisation of butene-l . 

The deactivation conditions, as well as flie values of Melt Index in the examples 1-5 are 
reported in Table 4, wherein the Melt hidex at the outlet of the polymerization step is 
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CLAIMS 

1. A liquid-phase process for polymerizing a-olefins of the fonmda CHb^CHR, 
where R is H or fm alkyl radical C1-C6, to produce a polymer that is soluble in 
the reaction ni6diinn> comprising the steps of: 

a) contiguously polymerising in liquid phase the a*olefin in the presmce of a 
catalyst based on a transition metal compound; 

b) continuously withdrawing torn step a) a solution of the polymer in the liquid 
reaction medium; 

c) mixing in one or more ufiixing stages said solution of the polymer in the 
reaction medium with an organic compound having: at least a hydroxy group, a 
boiling point higher than ISCC, and a ratio between the molecular weight (MW) 
and the number of hydroxy groups (uon) comprised between 20 and 1 00. 

2. The process according to claim 1 wherein in step a) a solution of polybutene-1 in 
the reaction medium is obtained. 

3. The process according to claims 1-2 wherein ibe polymerization step a) takes 
place in liquid phase in the presence of an inert hydrocarbon solvit 

4. The process according to claims 1-2 wherein liquid butene-1 is used as the 
reaction medium* 

5. The process according to claims 1-2 is^^in the polymerization temperature is 
generally kept at a value cotzqsrised in the range of Sxrni 65 to 8S^C while the 
pressure is generally comprised between S and 40 bar, 

6. The (HTOcess according to claim 5 wherem fb& temperature is comprised between 
70 and 80°C and the pressure is coniprised between 12 and 25 bar. 

7. Hie process according to claim 1 wherein a higjily active catalyst of the Ziegler- 
Natta or metallocene type is used in step a). 

8. Tlie process according to claims 1-2 wherein ^e polymedtation step a) is 
performed m one or more continuously stirred tank reactors, whetdn a high- 
viscosity polymeric solution of polybutene-l in butene^l is formed. 

9. The process according to claim 8 wherein the polymer concentration is kept to a 
value of less than 35% by weight. 

10. The process according to claim 9 wherein the concentration of polybut©ne-l in 
butene-1 is comprised between 10 and 30% by weight. 
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11. The process aocoiding to claims 1- 2 wherein butene-1 is polymerized in tbe 
presence of up to 20% by weig5ht, preferably 0,5-10% by weight based on butene- 
1, of another a-olefin. 

12. The process according to claim 1 whorein the deactivator con4)ounds of step c) 
are characterized by a ratio between the molecular weight (MW) and the number 
of hyiboxy groups (OH) comprised between 30 and 70. 

13. The process according to claim 12 wherein the deactivator compounds are 
selected jfrom propylen glycol, dipropylen glycol, glycerol, diethylen glycol, 
butandiol. 

14. The process according to claims 1-13, wherein for deactivating a ZSegler-Natta 
catalyst comprising a Ti-based solid catelyst component and an Aluminum 
compound as an activator, the molar ratio deactivator/<Ti+AJ) is higher than 
2/noH, wherein hoh is the number of hydroxy groups of the deactivator 
confound. 

15. The process according to claim 14 wherein the molar ratio deactivatoi/(ri-i-Al) is 
comprised between 3/noH and 6Ajoh- 

16. The process according to claim 1 wherem stqp c) is caiiied out in one or more 
mixing tanks placed in series. 

17. The process according to claim 1 ^dierein step o) is carried out in a sin^e 
deactivation qjparatus equipped with a sequence of more mixing stages. 

1 8 . The process accordmg to claim 17 whersan ftie deactivation a^aratus comprises a 
stnring shaft provided with mq[»ell«ra in a number comprised between 2 and 20. 

19. The process accordmg to clanns 17-18 Dvherein mote mixing stages are formed 
along the shaft by Oie rotation of eadi impeller. 

20. The process according to claims 17-19, wherem the unpellers are equipped with 
radial blades fixed at the stixxing shaft, said radial blades causing a radial flow 
inside each mixing stage. 

21. nie process accordmg to olauns 17-20, wherdn a polymeric solution and a 
deactivator compound are continuously fed at tiiie inlet of the ^paratus and 
slowly flow through the sequence of nuxing stages. 

22. Hie process according to claims 17-21, wherein an axial piston-like flow is 
involved by the sequence of mixing stages along the shaft and by the oon^lete 
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liquid filling of tfao ^paratus. 
23* The process according to claims 1-22, wherein after step c) tihe sohition of 

polybutene in butene-1 is passed to a separation step, wh^ein the polybutene-l i$ 

separated from the unreacted monomer^ which is recov^ed and te-drculated to 

the polymerization step a). 
24. The process according to cldim 23^ wherein the sq^aration st^ is earned out by 

meh devolatilization using one or more volatilization chamb^s operating at a 

decreasing pressure. 
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ABSTRACT 

A liqujd-phasQ pxocess fbr polymerizixig a-olefins of the fozmula CH:^=CHR, where R is 
H or an alkyl radical C1-C6, to produce a polymer fhat is soluble in fhe reaction medium, 
cott^siog the steps of: 

a) continuously polymerising in liquid phase fhe cx-olefin in the presence of a catalyst 
based on a transition metel confound; 

b) continuously withdrawing ftom st^ a) a solution of polymer in the liquid reactton 
medium; 

c) mixing in one or more mixing stages said solution of polymer in the reaction medium 
with an organic compound having: at least a hydroxy group, a boiUng point higher than 
ISO'^Q and a ratio between the molecular weight (MW) and the number of hydroxy 
groups (OH) comprised betvvreen 20 and 100 
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